Introduction {#S0001}
============

Despite the success of the current public health services and hygiene control in the water supply and sanitation, diarrhea remains the second leading cause of death around the world for children under 5 years of age \[[@CIT0001]\]. Recent studies have estimated that diarrheal disease is responsible for 17% of mortality among children under five years of age all over the world \[[@CIT0002]\].

Human rotaviruses are the major etiological agents of acute gastroenteritis in infants and young children worldwide. This virus is associated with 111 million episodes of gastroenteritis, 25 million clinical visits, 2 million hospitalizations and 352,000-592,000 deaths among children aged \<5 years worldwide, each year \[[@CIT0003]\]. Virtually all children are infected at least once within the first 5 years of life, with the peak incidence widely quoted as occurring between 6 and 24 months of age \[[@CIT0004], [@CIT0005]\]. Rotaviruses belong to the *Reoviridae* family and are composed of three protein layers surrounding 11 segments of double stranded RNA\[[@CIT0006]\]. The rotaviral outer capsid is composed of a protease sensitive protein designated as VP4 and a glycoprotein designated as VP7. The nature of two outer capsid proteins of the virus, VP4 and VP7, elicits the production of neutralizing antibodies to the virus and allows defining the P (for protease sensitive) and G (for glycoprotein) serotypes of the virus \[[@CIT0007]\]. Human rotaviruses are classified into seven serogroups (A-G). Each group is based on its antigenic properties of shared epitopes on the major structural protein, VP6 \[[@CIT0008]\].

Of these, group A rotavirus has been identified as the leading cause of severe diarrhea disease in infants and young children worldwide \[[@CIT0009]\]. The clinical spectrum of rotavirus illness ranges from mild, watery diarrhea of limited duration to severe diarrhea with vomiting and fever that can result in dehydration with shock, electrolyte imbalance, and death \[[@CIT0006]\]. Hospital-based studies conducted in developing and developed countries have revealed that group A rotavirus infection is responsible for 13-50% of all cases of diarrhea in children \<5 years old \[[@CIT0010]--[@CIT0014]\]. Despite the impact of rotavirus infection in children morbidity and mortality worldwide, very few studies have been performed in Iran. However, several epidemiological studies have shown that rotavirus is a major cause of 27% to 46% of cases of acute diarrhea among infants and children \<5 years old in Iran \[[@CIT0015]--[@CIT0018]\].

These days, rotavirus vaccines have been developed to reduce the morbidity associated with severe rotavirus diarrhea. Before a rotavirus vaccine program can be implemented, information is needed on the current burden of rotavirus disease and the distribution and frequency of rotavirus strains circulating in different regions of the country. The aim of this study was to monitor the disease burden associated with rotavirus and determine the G genotypes of rotavirus circulating in children aged \<5 years in Marvdasht, Iran.

Subjects and Methods {#S0002}
====================

***Sampling**:* This cross sectional descriptive study was done on 141 stool specimens from children aged \<5 years who were hospitalized for acute gastroenteritis in Motahary Hospital, Marvdasht, Iran, during January 2007 to December 2008. The fecal specimens were transported to the infectious disease unit laboratory and stored at -80°C until use for the detection of group A rotaviruses. Information regarding age, sex, type of nutrition (breast-fed and/or bottle-fed), hospitalization and clinical symptoms such as diarrhea, vomiting, fever and convulsion, were recorded for each child. According to WHO\'s recommendation, all children presenting with gastroenteritis were classified in specific age groups (e.g. 0--2, 3--5, 6--8, 9--11, 12--17, 18--23, 24--35, 36--47 and 48--59 months) so that age-specific incidence rates of hospitalization could be calculated\[[@CIT0019]\].

***Rotavirus detection**:* The specimens were tested by a solid-phase sandwich-type enzyme immunoassay method (Rotavirus Ag ELISA, DRG, Germany). OD values above the cut off value (0.15+OD of the negative control) were considered positive for rotavirus antigen.

***Viral genome extraction**:* dsRNA was extracted from stool specimens by using RNX-Plus kit (CinnaGen, Tehran, Iran), according to the manufacturers protocol.

***Reverse transcription-polymerase chain reaction**:* Briefly, 5 µl of dsRNA was added with mix of DMSO, 5X RT buffer, dNTPs, primers Beg9, End9, DW, denatured at 97°C for 5 min, then followed by addition of RT enzyme and RNase inhibitor to a final volume of 20 µl. The RT-PCR reaction was carried out for 60 min at 42°C to produce the complementary (cDNA) used for PCR amplification rotavirus.

***Nested multiplex PCR for G genotyping**:* Briefly, 10µl of viral cDNA was added to a mix containing MgCl2, dNTPs, 10X PCR buffer, Taq DNA polymerase and the forward primer Beg9 and the reverse primer End9 to a final volume of 50 µl. The thermocycler program was carried out at 94°C for 1 min, followed by 30 cycles at 42°C for 2 min, 72°C for 2 min and a final extension at 72°C for 5 min. 5 µl of the resulting amplicons of 1062 bp were then used as a template in the second round of PCR. The multiplex reaction mix also included each of the G-type-specific primers, aBT1 (G1), aCT2 (G2), aET3 (G3), aDT4 (G4), aAT8 (G8) and aFT9 (G9), provided by World Health Organization \[[@CIT0020]\]. Cycling was done with 20 cycles of the same cycling profile of the first reaction. All PCR products were analyzed by electrophoresis in 1.2% agarose gel that contained ethidium bromide (0.5µg/ml) and visualized under UV illumination.

***Statistical analysis***: Data were statistically analyzed by SPSS version 16 (SPSS Inc., Chicago, IL, USA). Chi-square, ANOVA and Binomial tests were used to determine the significance of difference observed between two different groups of patients. *P* values \<0.05 were considered statistically significant.

***Ethical issues**:* The study was approved by Ethical and Research Committee of the Shiraz University of Medical Sciences, Iran. A verbal consent was taken from either parent of the enrolled child prior to the interview and collection of stool samples.

Findings {#S0003}
========

***Serology of rotavirus infection**:* A total of 141 stool samples were collected from children aged \<5 years. All children had diarrhea for a period of 1--5 days before hospitalization. Rotavirus was confirmed in 40 of 141 (28.37%) stool specimens analyzed for the presence of group A rotavirus antigen by EIA.

***Rotavirus and demographic data**:* Rotavirus was detected more often (16.31%) in boys than in girls (12.05%). There was no statistically significant difference in the sex distribution between these populations (*P*=0.4). All the children with gastroenteritis were aged 1 to 59 months ([Fig. 1](#F0001){ref-type="fig"}). The age group analysis of rotavirus-positive cases revealed that the highest infection rate was among children less than 24 months of age with 72.91% prevalence. Children between 12-17 months of age were the most affected (40.0%), while those within the age bracket of 0-2 and 48-59 months were the least affected, because no rotavirus infection was detected (*P*=0.04). The study of clinical manifestations in rotavirus gastroenteritis cases showed that most children with infection had diarrhea (96.25%), vomiting (82.50%) and fever (45.0%). Convulsion was not identified in children with rotavirus infection (*P*=0.08). According to the season distribution, it was observed that rotavirus infection was detected throughout the year but the relative frequency of rotavirus gastroenteritis was highest in summer. The seasonal distribution of rotavirus infection was as follows: 20.0% in spring, 52.50% in summer, 20.0% in autumn, and 7.50% in winter. A significant relationship was also found between rotavirus infection and seasonal distribution (*P*=0.02) ([Table 1](#T0001){ref-type="table"}). The highest rate of detection of rotavirus gastroenteritis was found in September (25.0%) and the lowest in the months February to April, in which no infection was detected (*P*=0.04) ([Fig. 2](#F0002){ref-type="fig"}).

![Age distribution of rotavirus gastroenteritis in children](IJPD-22-063-g001){#F0001}

![Monthly distribution of human rotaviruses](IJPD-22-063-g002){#F0002}

###### 

Distribution of G genotypes in different seasons

  Genotypes Season   G1         G2          G3   G4        G8   G9   NTA[\*](#TF0001){ref-type="table-fn"}   Mix        Total
  ------------------ ---------- ----------- ---- --------- ---- ---- --------------------------------------- ---------- ------------
  **Spring**         1 (2.5%)   0           \-   \-        \-   \-   1 (2.5%)                                6 (15%)    8 (20%)
  **Summer**         1 (2.5%)   4 (10%)     \-   2 (5%)    \-   \-   2 (5%)                                  12 (30%)   21 (52.5%)
  **Autumn**         \-         1 (2.5%)    \-   \-        \-   \-   1 (2.5%)                                6 (15%)    8 (20%)
  **Winter**         \-         \-          \-   2 (5%)    \-   \-   1 (2.5%)                                \-         3 (7.5%)
  **Total**          2 (5%)     2 (12.5%)   0    4 (10%)   0    0    5 (12.5%)                               24 (60%)   40 (100%)

NTA: Non-typeable genotypes

***Rotavirus genotyping**:* Genotyping was performed on 40 rotavirus positive stool samples by using Nested RT-PCR. The most common circulating genotypes in the population under surveillance were mixed genotypes, being identified in 24 strains out of 40 samples (60%), followed by non-typeable (12.50%), G2 (12.50%), G4 (10.0%) and G1 (5.0%). The genotypes G3, G8 and G9 were not detected individually. But G3 and G8 genotypes were observed in mixed infections. The most prevalent mixed genotypes in children with rotavirus infection are shown in [Table 2](#T0002){ref-type="table"}. (*P*=0.001). Of these, G3/G8 mixed genotype of rotavirus is reported for the first time in Iran. The most frequent detected genotypes were mixed genotypes in both females (58.82%) and males (60.87%). No statistically significant differences between the genotype distribution and gender were observed (*P*=0.6). The most prevalent rotavirus genotype reported was mixed infection in spring (15.0%), summer (30.0%), autumn (15.0%) and G4 in winter (5.0%) seasons. Statistically significant differences were found for the distribution of the genotypes and seasons (*P*=0.03) ([Table 1](#T0001){ref-type="table"}).

###### 

Distribution of rotavirus mixed genotypes

  *Genotypes*   *G1*         *G2*        *G3*       *G4*       G8
  ------------- ------------ ----------- ---------- ---------- ------------
  **G1**        2 (5%)       \-          \-         1 (2.5%)   11 (27.5%)
  **G2**        \-           5 (12.5%)   \-         3 (7.5%)   6 (15%)
  **G3**        \-           \-          \-         1 (2.5%)   2 (5%)
  **G4**        1 (2.5%)     3 (7.5%)    1 (2.5%)   4 (10%)    \-
  **G8**        11 (27.5%)   6 (15.%)    2 (5.%)    \-         \-

Discussion {#S0004}
==========

In this study, we describe the results of a survey in Marvdasht, Iran to determine the importance and epidemiological features of rotavirus infections in a specific geographic area (Marvdasht and surrounding rural area) and a target population (children under 5 years old). We detected rotaviruses in the specimens of 28.37% of patients with acute diarrhea. This result is comparable to the disease burden of rotavirus seen in previous investigations in Iran and various other countries, being associated with 13 to 50% of all cases of gastroenteritis \[[@CIT0010]--[@CIT0012], [@CIT0015]--[@CIT0017]\]. In the present study, the prevalence of rotavirus in the first 24 months of life was significantly higher than that in older age groups. This age distribution is comparable to previous reports in the other parts of the world \[[@CIT0005], [@CIT0012], [@CIT0013], [@CIT0015], [@CIT0021]\]. The high burden of rotavirus infection in young children highlights the need for vaccine to offer optimal protection against severe rotavirus disease in children aged younger than 2 years. Epidemiological studies in different regions of the world have indicated that in temperate climates, rotavirus diarrhea occurs predominantly during the cooler months and rarely in the summer months \[[@CIT0015], [@CIT0021]--[@CIT0023]\]. However, seasonal patterns in tropical climates have shown rates of rotavirus infection throughout the year with seasonal trends that are less well defined \[[@CIT0005], [@CIT0013], [@CIT0023], [@CIT0024]\]. Our data demonstrated that there was a significant correlation between the seasonal distribution and rotavirus-positive cases. During the study\'s surveillance period, rotavirus gastroenteritis occurred throughout the year, with more cases occurring in the summer months and a seasonal peak observed in the months of July and August. This is distinct from seasonal rotavirus diarrhea in tropical countries. This result may have been due to the collection of more samples in the summer. However, extensive epidemiological studies over longer periods of time should be encouraged to determine more accurately the seasonal pattern of rotavirus infection in Marvdasht, Iran. During this study, diarrhea was the symptom most commonly reported in association with rotavirus diarrhea, followed by vomiting and fever. These findings are similar to those results observed in Iran and other countries \[[@CIT0011], [@CIT0021], [@CIT0025]--[@CIT0027]\]. Currently, analysis of rotavirus strains/genotypes is the key to evaluating the suitability of mass vaccination of children around the world. The observation of G and P distribution and diversity contribute to a better understanding of rotaviruses in circulation and help to characterize the various antigenic shifts that could reduce vaccine efficiency. In the present study, the most frequent circulating genotypes in the population under surveillance were mixed genotypes. The proportion of mixed infections (60.0%) detected among children with acute gastroenteritis, was relatively high compared to that reported for children from Iran (2.6%) \[[@CIT0015]\], Albania (2.0%) \[[@CIT0028]\], Denmark (12%) \[[@CIT0029]\] and Indonesia (23.0%) \[[@CIT0030]\]. High mixed infection with different rotavirus strains may reflect frequent contamination of water resources with rotavirus strains that facilitate generation of novel rotavirus strains through a re-assortment process. The second most common genotype was the non-typeable genotypes, present in 12.50% of the evaluated samples. Analysis of rotavirus genotypes has reported the prevalence of non-typeable genotypes in children with acute diarrhea in other regions of Iran, as well as in other countries \[[@CIT0015], [@CIT0016], [@CIT0028]--[@CIT0031]\]. The non-typeable rotavirus strains for the G genotype could be related to the presence of novel strains, the failure of the genotyping due to the presence of the other genes not investigated in this survey; for example, rare genotypes such as G5, G6, G11, and failure in RT-PCR technique \[[@CIT0020]\]. Numerous epidemiologic studies have shown the G2 genotype as one of the most prevalent rotavirus genotypes worldwide \[[@CIT0011], [@CIT0024], [@CIT0028], [@CIT0032]\]. In this study, serotype G2 strains were identified in five children with severe diarrhea, and represented 12.50% of the total strains identified. In recent years G4 strain has been detected at relatively high frequency from South Korea\[[@CIT0025]\], to Italy\[[@CIT0028]\], to Brazil\[[@CIT0031]\] and some regions of Iran\[[@CIT0015], [@CIT0033]\]. However, G4 was detected as the fourth genotype only in 10.0% of all children with rotavirus gastroenteritis. Molecular epidemio-logical studies globally have indicated that G1 is the most common circulating genotype \[[@CIT0005], [@CIT0014], [@CIT0016], [@CIT0030]\]. However the G1 genotype was observed only in 5.0% of all children with rotavirus gastroenteritis. In the current study, neither the G3 nor the G8 genotypes were detected individually. These findings are distinct from those results observed in Sierra Leone\[[@CIT0011]\] and China\[[@CIT0034]\], where these G types have been identified as the most common genotypes in children. Recently, G9 has appeared as the common genotype in Albania\[[@CIT0028]\], Cuba\[[@CIT0035]\], but in our study it was not identified. The emergence of G9 as an important genotype in developing and industrialized countries necessitates the inclusion of G9 in future rotavirus vaccines. One limitation of the present study is the possibility that study population may not be representative of the disease burden of rotavirus among all 0--5-year-old Iranian children. This was because we identified the prevalence of rotavirus gastroenteritis from only one city in Iran and the period of surveillance was limited to a period of 12 months. Therefore, in order to have a comprehensive picture of strain distribution in the country, it is necessary to continue strain characterization in other regions of Iran. Another possible limitation is that true rotavirus prevalence can be higher than estimated here (28.37%), because in this study only hospitalized children with moderate to severe diarrhea have been evaluated and the proportion of rotavirus infections among children with only home care or outpatient visits have not been estimated. Results of this study provide strong support to the concept that rotavirus vaccination of infants may have a major impact in reducing rotavirus gastroenteritis morbidity as well as pressure on healthcare services concerning acute diarrhea among young children in Iran.

Conclusion {#S0005}
==========

Frequencies of mixed Genotypes are indicating severe infection because of low sanitation and transmission of recombinant strains transferred from animals to humans. The noticeable frequency of non-typeable genotypes indicates the necessity of using another primer for characterization of unusual genotypes. Diagnosis of the high prevalence of group A rotavirus infection in hospitalized patients with diarrhea and genotyping of single and co-infection of circulating rotavirus isolates, provide useful data for designing future related research needed to formulate new effective vaccines, especially for infants less than 5 years old.

The authors wish to express their thanks and appreciation to the Islamic Azad University, Jahrom Branch, for financial and executive support of this Project. We acknowledge the cooperation of the Ethical and Research Committee of the Shiraz University of Medical Sciences and the personal contributions of Mehdi Kargar and Dr. Ramin Yaghobi in this study.

Conflict of Interest
====================

None
